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TO 

DEPARTMENT OF HEALTH 4% I3UMAN SERVICES Public Health Service 

Memorandum 

December 20,2004 

Division of Petition Review (DPR), Toxicology Review Group (HFS-265) 

Comprehensive Final Toxicology Evaluation Memorandum: CAP 8CO257 

A. Orstan, Ph.D., ConWner Safety Officer, DPR 

Through: Garfield N. Biddle, Ph.D. 
Division Director, DPR 

Through: Catherine Whiteside, 
Group Supervisor, DPR 

Ph.D. 

CAP 8CO257 
Related Petition: CAP 8CO262 

Background: 

EM Zndustries, Pac. 
7 Skyline Drive, Hawthorne, NY 10532 

EM Industries, Inc. has submitted CAP 8CO257 for the use of pearlescent pigments as a color 
additive in tableting applications and other pharmaceutical preparations. Pearles’cent pigments 
comprise a group of compounds whikh consist of 1) mica coated with iron oxide, 2) mica coated 
with titanium dioxide,’ or 3) mica coated with both iron oxide and titanium dioxide,’ Pearlescent 
pigments that consist of three components: mica, ‘iron oxide, and titanium dioxide may also contain 
pseudobrookite which is formed during the calcining ,step of the manufacturing process.’ A 
summary of the currently regulated uses of mica, titanium dioxide, and iron oxide is detailed in DPR 
Chemistry memoranda for CAP 8CO257.s” Mica-based pearlescent. pigments (composed of either 
iron oxide coated mica or titanium dioxide coated’mica) are currently approved for use in contact 
lenses under $73.3128. 

An additional color additive petition for the use of pearlescent pigments as a color additive in 
various food preparations has also been submitted by the Petitioner (CAP 8C0262). The safety of 
this requested use in various food preparations is the subject of an ongoing evaluation. 

This comprehensive final tpxicology review memorandum will evaluate the safety of the use of “. .“r., i” . 
pearlescent pigments as a color add&e in tablet&g applicat&as and pfaarmaceutical 
preparations as proposed in CAP 8CO257. In this memorandum we will: 1) address any 
remaining safety questions or issues pertaining to CAP 860257,2) evaluate the safety of titanium 

’ E. Jensen, Chemistry Memorandum, 01/21./1999, CAP 8CO257 
* E. Jensen, Chemistry Memorandum, 05/05/2000, CAP 8CO257. 
3 H. Lee, Chemistry Memorandum, 040 612003, CAP 8CO257 
4 H. Lee, Chemistry Memorandum, 1 l/24/2004, CAP 8CO257 
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dioxide coated mica pearlescent pigments, and 3) evaluate the safety of iron oxide, contaikng 

1 
pearlescent pigments. 

DPR Toxicology notes that this fiiral t?xicology review and its conclu@o~s super&e&~ those 
contained in a previous DPR Toxicology memorandum dated 06/0~/200~ an 
addendum memoranda identified as follows: 

1. June 4,2003, T. Taras, “Final Toxicology :Mernomndum: CAP 8CO2Si” (boated in CAP 
8CO257) 

2. June 20,2003, T. Taras, “Addendum to Final Toxicology IkIemorandum: CAP 8C0257” 
(located in CAP 8CO257) 

3. July 23, 2003, T. Taras, “Addendum to Final Toxicology Memorandum: CAP 8&0257” 
(located in CAP 8CO257) 

4. August 27,2003, T. Taras, ‘“Addendum to IQ&Toxicology Mem,orandum: CAP gCO257, 
Addendum No. III” (located in CAP 8CO257) 

5. September 12,2003, T. Taras, “CAP 8CO257:.MEMO FOR THE RECG?IkW’@oated in 
CAP 8CO257) 

6. November 25,2003, T. Tams, “‘Addendum.to Final Toxicology ~em~~~ ~CA.P. 8CO257, 
Addendum No. IV” (located in CAP 8CO257) 

7. November 25,2003, T. Taras, “Addendnrnto the Toxicology Review Memomnduxnfor 
Study T 905 X : Memorandum dated 0513 l/2002” (located in CAP XX257 +d CAP SC0262). I 

1. Pearlescent Pigment Exposure Summary 

B Table 1 summarizes the mean and 90th percentile; eaters-only intake of the pearkkkit p&nen& and 
their components resulting from the proposed use of pearlescent pigmetits as a. GCW additive in 
tableting applications and other pharmaceutical preparations4 DPR “Chemistry noted th@ these are 
conservative estimates, as they are based on the assumptions that the e%&re ‘population uses the 
intended pharmaceuticalproducts, all pharmaceutical products contain the pigments ti. the maximum 
specified use level (i.e. 3%), and that each component (i.e., iron oxide, mica, titq-kn diorticle) of the 
pigment is present at the maximum: specified content level wittin the pigkent. 

Table 1: 

i Ldults (20-70 years) Children c2-4 y ears) 

I Mean 
Pearlescent Piments 0.05 I ,O.l I 0.04 1 

Pseudobrookite Exposure Summary 

The mean per capita daily intake of pseudobroukite (FezTiOS) from the pzopose use of pearlescent 
pigments in pharmaceuticals was estimated to be 15 mg/p/d (adults) and 12 mg!p/‘d (children). DPR 
Chemistry noted that these EDIs were based on the assumptions that:. I> the intake of pearlescent 

1 
pigments fkom the proposed use in pharmaceuticals is 87 mg/p/d for -adults and 70 mg/p/d for 
children, and 2) all ‘of the pigment ingested is Candurin Woneygold, which contains a theoretical 
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maximum of 18% by weight of ,pseudobrookite. DPR Chemistry indicated that this exposure 
estimate is highly conservative, as it assumes that all pearlescent p~~e~ts’~on~~n-ps~udobrookite at 
the theoretical maximum level. ‘DPR Chemistry further indicated that it is expected that “the 
probable intake of pseudobrook$e from the proposed use of the pearhzscent pigments in 
pharmaceuticals would be negligible.“4 

Elemental Iron 

Based on the proposed exposure to iron oxide containing pearlescept pigments with a maximum iron 
oxide content of 55% in the pigment and a maximum pigment use level in in~~~ed’.~gs of 3%, the 
9Oti percentile, eaters-only exposure to elemental, iron was calculated to be 40. m&p/d and 30 mg/p/d 
for adults and children, respectiveli.” 

Heavy Metal Exposure SummarSj 

For the proposed use of pearlescent pigments, the Petitioner is requesting -heavy meti. specifications 
for mica based pearlescent pigments as follows: not more than 4 mg!kg,lead, mqt more than 3 mg!lcg 
arsenic, and not more than 1 mg/kg mercury. These s@ecifrcations have- been accepted .by WAC 
Chemistry.’ Based upon these specifications, DPR Chemistry has calculated exposure ,estimates to 
lead, arsenic and mercury Tom the proposed use of the pearlescent pigments. in ingested drugs (see 
Table 2). 

Table 2: 
Adults (20-70 years) ). Children (2-4 years) 

wt$~~4 Odpld) 

2. Toxicology Data Package 

Table 3 summarizes the toxicological data that were submitted to the agency insupport of the safety 
of the use of the pearlescent pigments in tableting applications and other -pharmaceutical 
preparations. 

Table 3: Toxicological StuditsDXeports Submitted in support of CM? $43257 

. ..‘. ^ 

’ N. Hepp, OCAC Chemistry Memoranda dated 06/02/1999,02/01/2002,03/08/2001, and 07/14/2003, CAP 8CO257 
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I 2 I 1 Nacreous pigment h&dinK Colibri reddish-brow 04502 K. Trial for 
al administration and fox- primary skin and 

f feeding study with a. 2-month tr#metit-free follow*up phase 
4, 13 Study ? 14771: hiodin Ti 1 OOK Trial for subohknic toxicity in the 3- 

I oral administjration 

jfic Judgment: 1) Bioavailab 
km potential of pearlescent pi trointestinal tract 3) 

OFAS Toxicologists have previously evaluated Studies 1 throqgh 76, Study g7,.wd Study 10’. DPK 
Toxicology performed only cursqiy evaluations of Report @, Studies 12 through 14’, and Study 

6 Reviewed by contract reviewers (Stucjies Contract No. 223-96-2302, Work Assigmnent Number 98-8, 01/15/1999 
TDER, CAP 8CO257), Additional review comments included in A. Mattia, Tbxicology Memoratidum &ted OS/3 l/2000 
7 Reviewed by OFAS Toxicology Reviewers (I. Chen, Toxicology Memorandum, 01/05/00, T. Tazas, Toxicology 
Memorandum, 05/3 l/02, and T. Tams addendum memo 10/13/2004) 
8Reviewed by OFAS Toxicologists (R. Chanderbhan, Toxicology Memorandun, 1 i/30/99, T. Tams, Toxicology 
Memorandum, 04/09/02, and T. Tams Addendum memo, 10/l 3/2OW) 
’ Reviewed previotify by OFAS Toxicology, A. Mattia, Toxicology Memorandum, 0513 1/2ooO 
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17.” Based upon our evaluation of studies l-7, 9, 10, 12-14, and 17, we have determined that these 
studies provide little useful information from which to evaluate the safety of the proposed 
pearlescent pigments because of their short duration, routes of admin~~tio~, inadequate 
experimental designs, and/or deficienci,es in data reporting. Therefore, we’ do not consider these 
studies to be pivotal to our evaluation of%he safety of the proposed. use of the pearlescent pigments 
and they will not be discussed in this memorandum. In addition, the utilie of the SCBGS report 
(Report 8) to support the safety of the current petjt~on is limited in- that the reporr did not specifically 
address mica. Furthermore, Toxicology has previously coneluded~. that “the ar$y value of the 
SCOGS report is tbat it supports: the general idea that insoluble silicates are inert, and not of 
toxicological concern when ingested in lower mg am~unts.“~ 

While we have determined that the overall toxicology database on the pearlescent pigments is 
adequate to evaluate the safety of the use of pearlescent pigments as proposed in C’Ap 860257, we 
note that the database did not include reproductive or developmental toxiciv.stu&es on the 
pearlescent pigments. During our review of this petition, OFAS Toxicologists addressed the issue of 
whether reproductive and development studies on pearlescent pigments are needed for our safety 
evaluation of these pigments (J. Welsh, Toxicology Memoranduti,. CAP8CO259,10/07/99, A. 
Mattia, Toxicology Memorandum, 05/3 ‘I/o09, an& Internal OFAS/DFR‘meeting on 09/05/01, 
Attendees: T. Taras, C. Johnson, K: Biddle, E. Jensen, S. Varner, R.,Martir& B&ed on decisions 
from these evaluations and toxicology discussionsI OFAS Toxicology eonch~Iea that&productive 
and developmental toxicity studies are not necessary because the peariescent pi are generally 
expected to be highly insoluble and to have low bibavailability. Furthermore, ha&d upon the 
composition of the pearlescent p&i-rents, there is no current evidence to suggest,that the pearlescent 
pigments present significant concerns as reprodudtive or developmental toxicants. 

3. Safety Conclusions Regarding the Titanium Dioxide coated Mica Pearksceut Pigments 

Based upon our review of the toxicology data package for the pearlescent, .p&ments, we have 
selected “HLA Study NO. 2164-100: Combined oral toxicity and on~ogenicity study in rats with 
titanium dioxide coated mica” as the pivotal study for use in evaluating the safety of .pearlescent 
pigments composed of titanium dioxide and mica (designated as Study No.1.k in Table 3 of this 
memorandum). The selection of this study tis the pivotal study is base‘d on the following: 1) This 
study was performed in accordance to our U.S. GLP regulations (Note that the GLP eomplianee of 
this study was confirmed during a CFSAN Bioresearch Monitoring (BXMO) data audit an& GLP 
inspection conducted June 16 - 21,2002), 2) This study provided adequatti chronic oral (52 and 230 
weeks) toxicity testing of titanium dioxide coated.mica in rats, and 3) 31t tested the carcinogenicity of 
titanium dioxide coated mica in rats. 

HLA Study No. 2164-100’ r investigated the oral toxicity and carcinogeni&y of 0, 1,2, or 5% 
titaniumdioxide coated mica in the diet of Fischer 344 rats for 52 weeks (chronic oral toxicity 

testing phase) or 130 weeks (carcinogen&&y testing.phase). 

lo T Taras “CAP 8CO257: Evaluation of the safety of iron oxide rds a component of iron oxide co&aining pearlescent 
pigments, and other relevant data arid informat& on iron oxide”’ Memorandum dated 12/i 71’2004 
” Reviewed for CFSANKIFAS by contract reviehs froni &ienc& International, Inc. (Contract 223-96-2303, Work 
Assignment No. 20-00, Dec. 2000 TDE& CAP 8CO257), h addition, this study was the subject of an hterim 
Toxicology Memorandum (T. Tams, Toxicology Memorandum, 06/l 1/2002).and two subpzquent ~ddenda‘to the T. 
Tams 06/l l/2002 Interim Toxicology Mdmorairdum (T.‘Taras, Addendum F dated 10/12/ZOO4 and Addendum 2 dated 
10/13/2004, CAP 8CO257) 
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The test compound evaluated in this ,study (a 1.: 1 blend of two titanium dioxide coated mica 
pigments, with the final blend containing 28% titanium dioxide and 72%>mica) ‘was ,reported to have 
been in the form of flat platelets with the longest dimensions ranging Tom I.0 to 3% pm. Toxicology 
notes that the pearlescent pigments, proposed for use in CAP SC0257 vary in corn osition with mica 
levels ranging from 36 - 88% and titanium dioxide levels ranging from 1.2 - 52%. f Furthermore, the 
particle size of the pearlescent pigments containing titanium dioxide and mica also varies. In 
general, Toxicology considers the titanium dioxide coated mica tested iti this study to be 
representative of the titanium dioxide coated mica pearlescent pigments. 

Upon review of Study HLA 21j64-100, the Center’s Cancer Assessment. Committee (CAC) 
concluded that the administration of diets contaf&g up to 50//o titanium dioxide-coated, mica daily 
for 130 weeks did not induce any compound-related tumors in,Fiseher 344 rats;’ 1912*13 Furthermore, 
no apparent toxicologically-signif$ant, compound-related effects were ‘noted for titanium dioxide 
coated mica when fed to rats at test doses of 1, 2, or 5% (highest test dose) in the diet. Based upon 
the data in this chronic toxicity and c+reinogenicity study, Toxicology ,&as c,oncluded that the 5% 
dose level dan be considered as a NOEL for this study.’ ’ In addition, given the Currently regulated 
uses of titanium dioxide and mica, available toxiicological data for these compounds, and.the overall 
chemical nature of these compounds (i.e. insolubk), we have no concerns regtiding the presence of 
these components in the proposed ;pigments up to the maxim& levels specified. Therefore, based 
upon the results of this study, the: conservative exposure estikates calculated by DPR Chemistry, 
and the expected low bioavailability of titanium ,&oxide coated mica based on its overall chemical 
nature, DPR Toxicology concludeS that we have no safety concerns for the use of titanium dioxide 

1 coated mica pearlescent pigments as proposed in CAP 8CO257. 

4. Safety Conclusions Regarding Iron Oxide cwtaining Pearlescent Pggments 

In our safety evaluation of iron oxide as a component of the iron, oxide containing pearlescent 
pigments proposed for use in CAP 8CO257, DPR Toxicology reviewed available data and 
information regarding the absorption and bioavailability of iron oxide,‘“li4 qnd in vitro data on the 
solubility of iron from iron oxide’ dontaining .pearlescent pigments.L41s We also consulted with a 
CFSAN Expert on iron compounels (Dr. Paul Whittaker, CFSAN, ONSLDS, I-IFS-840) regarding 
issues related to the solubility and bioavailabjlity of iron from, iron oxide. In addition, the 2001 
established IOM tolerable upper intake levels and recommended ‘daily allowanoes for ironi were 
considered in our review of the safety of iron oxide containing pigments. Finally, we reviewed data 
from an in vivo micronucleus stu$y which tested an iron oxide conwing pearlescent pigment.17 

I2 CFSAN Cancer Assessment Committee (CAC) memorandum dated 06/26/02; CAP 8CO257, Volume 14 
I3 S. Fran&e-Carroll, “Titanium-Dioxide Coated Mica: Re+iew of selected‘pathoIogy.Bndings from the twe year 
bioassay in Fisher-344 rats” Memorandur& 09/08/2004, T. Tams cover memorandum entitled ?CAp 8CO257: 
Addendum No. 1 to T. Taras “Interim toxicology review of the carcinogenicity of titanium dioxide coated mica in rats” 
Memorandum dated 0,6/11/2002”, 10/12/2004 
I4 Document‘16 discussed the bioavailability of iron oxidemd was reviewed in a T. Taras Tqxicology Memorandum 
dated 10/07/02, and two subsequent addenda to the T. Tar@ lo/O7102 Memorandum (T. Tams, CAP 8C0257, Addendum 
dated 10/16/03 and Addendum 2 dated 1 d/14/04). 
Is Study 18 was reviewed by DPR Chemi@ry (H. Lee, Chemistry Memorandum, 1 l/19/2003). 
” Institute of Medicine. DRI: Dietary Reference intakes fof vitamin A, vitamin IS, arsenic, boron, chromium, copper, 
iodine, iron, manganese, molybdenum, n+k;eI, silicon, vanadium, and zinc. National Academy Press, Washington D.C., 
2001 
I’ Study 15 was reviewed by OFAS Toxicoiogy (T, Taras, 79. Gu, ToxicoiQgy Memorandum, 01/23/2002). 
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Detailed discussions of our review and safety evaluation of the data pertainrng to~iron oxide and iron 
oxide containing pearlescent pigments are contained in the DPR Toxicology memorandum dated 
12/17/2004? 

III our safety evaluation of the iron oxide containing pearlescent pigment+, :we utilized DPR 
Chemistry’s “worst-case” dietary exposure estimates for the iron oxide containing pearlescent 
pigments. Various conservatisms were factored into these exposure estimates (e-g. &at altl,ingcsted 
drugs would contain pearlescent pigments containmg the maximum level of iron oxide (55% iron 
oxide) and that all of the pearlescent; pigments would be used maximally in mge@eti drugs at levels 
of 3%). This 3% level represents ;the proposed upper limit of typica{, use -far the pearlescent 
pigments. We also considered available relevant information regarding. tb]e &soxption and 
bioavailability of iron oxide, and solubility data on the iron oxide containing p~~~e~~~t~~i~en~~ 
Based upon our review of this infcmration, DPR Toxicology concludes thtit ‘tic salubility and 
bioavailability of iron from the iron oxide component of pearlescent pigments are.-expected to be 
low. Additionally, no evidence of genotoxicity was observed for the Iran oxide containing 
pearlescent pigment, Candurin Honeygold, which. was tested in an in viva. xxkmmzcleus asSay in 
male rats. Therefore, based upon t4e conservatisms used in estimating the exposur&ti iron oxide 
containing pearlescent pigments and the available safety informatiOn on, iron &&de and the iron 
oxide containing pearlescent pi,gmeints, DPR Toxicology concludes &at t4at tie p&posed use of 
pearlescent pigments containing a maximum iron oxide content of 55% to calar ingcated drugs at a 
level not to exceed 3% does not raise any significant toxicological concerns. 

5. Safety Conclusioras Regarding Pearlescent Pigments. which may contain Ps~~d~br~~~~ 

DPR Toxicology notes that pseudobrookite (Pe~TiOs) is a component of pearlescqnt pi&me&s that 
contain iron oxide, titanium dioxide, and mica. En support of the safety of pearliesccnt pigments 
containing pseudobrookite, the Petitioner submitted an in vivo rnicro~~el~~ test in male rats 
following oral administration ‘of Candurin “Honeygold (a pearlescent pigmmt w&h con@ns up to 
18% pseudobrookite) (designated as Study 15 in Table 3 of this memorandum). This study was 
reviewed by DPR Toxicology and it was concluded that the test results for Candnrin Honeygold 
were negative under the conditions of this study.” 

Based on its chemical properties, pseudobrookite as a component of pigments containing iron oxide, 
titanium dioxide, and mica, is expected to be highly insoluble and inert,4y14 EN&in Study 18 ‘(see 
Table 3 of this memorandum) a&o lend support to such a conclusion. Alt&ugh &is study was 
determined to be of limited utility because it was not conducted in full ~ornp~~~~~ with GLP 
regulations, this study measured soluble iron released from a pearlescent pigment containing 
pseudobrookite (Candurin Corngold which contains ur to 13.5% pseudobrookitc) following 
incubation in artificial gastric and imestinal juices.po~’ This study indicated that-tie iron component 
of h$ pigment -was highly insoluble under the te@ing conditions of the study. DPR notes that any 
soluble iron released from the test Pigment in this,study wou!d have beerr r~~~~~d.p~rn~ly &om 
either the iron oxide and/or pseudobrookite components of the pigment* 

Overall, based on the chemical properties of pseui;%obrookite, its expected low bioavailability, and 
the lack of observed genotoxicity of a pearlescent pigment containing pseudobrookite tested in the 
submitted in vivo micronucleus study, DPR Toxicology concludes that exposure to pseudubrookite 
as a component of pearlescent pigments in tableting applications and ph~ace~tic~ preparations 
does not pose’s safety concern. 
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6. Safety of the heavy metals, lead, arsenic, and mercury, as potential contaminants in the 
pearlescent pigments 

In our review of the safety of exposure to -lead, arsenic; and mercury as potential contaminants in the 
pearlescent pigments, we compared DPR’s caIcuI&ted l3DIs for these heavy. metals resulting -from the 
proposed use of the pearlescent pigments in tableting applications and pharmaceutical preparations 
to current tolerance levels. Tolerance levels used in our evaluation were the fo&w,tig: 1) FDA’s 
Provisional Tolerable Total Intake Levels for lead in children, pregnant women, and adults”, 2) 
JECFA’s Provisional Tolerable Weekly Intake for inorganic arsenicrg, and 3) JECFA’s Provisional 
Tolerable Weekly Intake (PTWI) f$r total mere&*. DPR Toxicology ,@I+s no safety concerns for 
the estimated exposures to lead, arsenic, aqd mercury resulting from the use of the pearlescent 
pigments to color ingested drugs. 

Overall Safety Conclusions for CAP 8C@257 

DPRToxicology has evaluated the isafety of the proposed use of pearlescent pigments in ingested 
drugs relative to the cons‘ervative exposure estimates calculatedby DPR Chemistry. Based upon our 
above review, we conclude that the, proposed use of pearlescent pigments with a maximum iron 
oxide content of 55% to color ingested ~JYQ~S at alevel not to exceed 3% is safe. .I-$awever, if there 
is any significant increase in the ingestion of these pearlescent pigmentq a&itional toxicity data will 
be required. 

HIS-265 (Biddle, Varner, Whiteside, Wahwork, c)rstan, Carberry, Lee) 

” Guidance Document for Lead in Shellesh, FDAICFSAN, August 1993, sd- 
pb.html#sV; C.D; Carrington and P. M. Bolger, An assessment of the hazards of lead in food. Regulatory Toxicology 
and Pharmacology, 16,265272 (1992) 
I9 TRS 776~JEX’FA 33/27, FAS 24-JECFA 33/l%, 1988, 

http://jecfa.ilsi.or~eval~tion.cfm?che~cal=~E~~~e~~rd=~~~C 
2o TRS 631~JECFA 22/26, FAS 13-JIXFA 22/43,1978, 

http://jecfa.ilsi.org/evaluation.cfm?cheinic~=MER~Y~~eyword=M~R~Y 

8 


